Laboratory screening for metabolic eye disease: a review!
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Many ophthalmological disorders are an expression of systemic metabolic disease and the specialized aspect lies more in the investigative approach to ophthalmological presentations rather than in the specific tests involved. Certain ophthalmological presentations are seen widely and those investigative approaches which are useful in the recognition and assessment of any metabolic influences are now outlined.
Albinism
The tyrosinase enzyme system, which is presumed to be defective in the various forms of albinism summarized in Table I, has not yet been solubilized in the act,ive state. The essential 
Miscellaneous
Various inherited disorders in which a degree of general hypo pigmentation may be seen, e.g. Chediak-Higashi syndrome defects remain uncertain and the scope for clinical biochemical investigation is restricted to improving classification pending further advance, and to offering prognostic advice in families affected by oculocutaneous albinism (Witkop 1971 . This latter remains a clinical diagnosis which can be supported and extended by observing the pigmentary response on exposure of fresh tissue containing active melanocytes to tyrosine and other agents, most conveniently with the hair-bulb incubation test. Responses may be assessed by inspection under the microscope or less conveniently but much less subjectively by a method using radioactive substrate developed by King & Witkop (1977) . Some albinos seem to have no tyrosinase activity whereas activity may be detected in others, and such tyrosinase-positive individuals show retarded but definite production of pigment in areas containing melanocytes originating from the neural crest, although the prognostic relationship between test response and later clinical improvement is less exact for Caucasian families. The yellow-mutant form of albinism, with a response in the hair-bulb incubation test heightened by the presence of cysteine, may also be recognized (Witkop 1971 Hypopigmentation syndromes with additional defects such as bruising or juvenile greying of hair, as in the Hermansky-Pudlak or Chediak-Higashi syndromes, may be recognized by further tests involving in these cases coagulation studies and leukocyte histochemistry. A diagnosis of X-linked ocular albinism may, if necessary, be supported by histological examination of a skin biopsy, when abnormal giant melanosomes are found (Garner & Jay 1980 ).
Pigmentary retinopathy
Disorders within this syndrome are now attracting much attention, in part through the foundation of the Retinitis Pigmentosa Society, which should be contacted urgently if any fresh ocular material at an early stage in the disease may be available. Investigation has concentrated on classification of patients into various genetic subgroups within which common but as yet obscure aetiological factors may apply, and on the relevance to human disease of animal models involving known biochemical defects. Major advances are not yet reported and currently the value of clinical biochemical investigation lies in the recognition of the occasional case where defined systemic metabolic disorders may present in their early stages with unspecific retinal changes and no definitive general features. Diagnosis may lead to considerable benefits through treatment, or at worst to improved advice and genetic counselling. Such disorders include abetalipoproteinaemia and phytanic acid oxidase deficiency, which respond well to dietary control if diagnosed at an early stage (Muller et al. 1977 , Gibberd et al. 1979 ) and a partial or temporary response may also perhaps be achieved for hyperornithinaemia with gyrate atrophy, ornithine aminotransferase deficiency (KaiserKupfer et al. 1980) . Vitamin A deficiency and drug toxicity are also of general interest. Patterns of investigation may be modified in the light of any further information such as reported mental retardation, behavioural disturbances, ataxia, gyrate retinal changes or fat intolerance and steatorrhoea.
The initial biochemical screen involves determination of cholesterol, triglycerides and lipoprotein electrophoretic pattern in plasma, and semiquantitive determination of amino acids in plasma and a large volume of urine, preferably a 24-hour specimen, by thin layer cellulose chromatography with further confirmation of any abnormality. A total lipid extract of plasma is then analysed by thin-layer chromatography: in phytanic acid oxidase deficiency the triglyceride spots are multiple and increased (Reynolds et al. 1978) and phytanic acid may then be specifically identified by gas-liquid chromatography after hydrolysis and methylation. (Authentic phytanic acid is available from Applied Science Laboratories Inc, USA.) Vitamin A may be determined in plasma by various methods such as that of Garry et al. (1970) . Blood and plasma samples must be protected from light before analysis, and values are increased after meals. There is no satisfactory treatment for juvenile Batten's disease, which is one of several conditions in which peripheral blood contains an increased proportion of vacuolated lymphocytes (Spalton et al. 1980 ). This early feature may also be used to diagnose or exclude the disorder in other asymptomatic members of known affected families. Examination of neural tissue as obtained by rectal biopsy may then follow at a later stage, the characteristic inclusion bodies being seen by electron microscopy.
Ectopia lentis
This presentation may occasionally reflect an underlying systemic disorder (Cross 1976) . Homocystinuria, Marfan's syndrome, Ehlers-Danlos syndrome, Marchesani syndrome, familial hyperlysinaemia and sulphite oxidase deficiency are conditions in which bilateral dislocation is common, and which may share structural defects of collagen or similar material such as zonule, in part through impaired availability or assembly of amino acids. Sulphite oxidase deficiency is probably very rare and presents early in life: sulphocysteine is lost in the urine. Lysinuria is not primarily an ophthalmological presentation and in all these disorders a full and relevant physical examination and family history is fundamental. The most useful investigation is the analysis of a 24-hour or similar large volume of urine for amino acids, and of plasma also if available. A negative result with the cyanide-nitroprusside test applied to a single random urine specimen is not sufficient to reliably exclude homocystinuria. Diagnosis may be followed by determination of sensitivity to pyridoxine and folate. Control of established cases of homocystinuria may lapse and should be re-established before any surgery is attempted, as it is likely that the established coagulation defect is also then controlled. Family screening should be pursued as it may be that some of the physical manifestations of homocystinuria can be prevented by early treatment, particularly with the mild phenotype which generally shows an excellent response to pyridoxine.
Biochemical defects in the Marchesani and Marfan syndromes have not been identified, and these remain clinical diagnoses. Individuals with Marfan's syndrome are not necessarily tall, and the diagnosis should be pursued in view of the serious medical and social consequences of proven or suspected diagnosis within affected families. Aortic compliance is increased in Marfan's syndrome (Child et al. 1981) and this investigation may also be useful in clarifying the diagnostic overlap with Ehlers-Danlos syndrome. Both these disorders may also present with retinal detachment. Specific enzyme or collagen defects in some types of Ehlers-Danlos syndrome may be pursued with tissue material at specialist centres such as Northwick Park Hospital, Harrow, Middlesex.
.
Cataract
Until recently one could say that most patients with cataracts showed no evidence of any underlying metabolic disorder, but further studies on the known influence of partial defects of galactose metabolism suggest that this may be a major influence (Skalka & Prchal 1980) . Defined metabolic influences causing bilateral cataracts include prolonged hypocalcaemia of any cause, neonatal hypoglycaemia, all forms of diabetes mellitus and genetic and other forms of impaired galactose metabolism. Except for diabetes, these influences particularly apply in early life (Winder 1976 ) and the relevant special investigations which may be considered are shown in Table 2 . The association with hypocalcaemia, perhaps most obvious with pseudohypoparathyroidism, is definite but the systemic features of the contributing disorders tend to predominate, leading to initial presentation at general or paediatric clinics. Unforeseen homozygous galactosaemia or galactokinase deficiency show cataracts very early in life: galactosuria can be intermittent. Heterozygous galactokinase deficiency may also (Beutler & Matsumoto 1978) . Presenile cataracts may also arise in association with lesser deficiency of this enzyme, and with heterozygous and other deficiency of galactose-l-phosphate uridyl transferase (Skalka & Prchal 1980) ,including the variant forms which can with some difficulty be identified by isoelectric focusing of red cell haemolysates (Schapira et al. 1978) . Partial galactokinase deficiency is the most commonly encountered influence, and this may express particularly during pregnancy when a deficient mother is at risk of producing an enzymatically normal child with cataract (Harley et al. 1974) . This risk may be increased when other factors reducing maternal galactose tolerance are found, such as a history of jaundice, or established impairment of hepatic function (Winder 198Ia) . Galactokinase is an unstable enzyme and very fresh red cells are required for this determination. The method requires the estimation of labelled galactose-I-phosphate after separation from residual labelled galactose by selective absorption, for example onto ion-exchange paper (Beutler & Matsumoto 1973) . Counting efficiency is low, and is improved by solubilization of the adsorbed label with quaternary surfactant (Stocci et al. 1978) . However colour quenching remains, and the additional quenching introduced by the surfactant is considerable. The basic method is straightforward, and consistency is improved by the routine use of triplicate determinations. I have some reservations about the significance of minor partial galactokinase deficiencies, as methods for the assay of this unstable enzyme are not very accurate and are now under development. Determination of the more stable galactose-I-phosphate uridyl transferase enzyme by various spectrophotometric methods can be deferred at least overnight (Beutler & Baluda 1966a , Pesce et al. 1977 . The spot test for transferase deficiency described by Beutler & Baluda (I 966b) is effective for galactosaemia homozygotes and probably heterozygotes, but is not effective for lesser degrees of deficiency. At birth, the normal range of galactokinase activity in fresh red cells is somewhat variable around a mean of about three times the normal adult range, to which values decline by about age 5 years (Ng et al. 1965) .This rather variable increase in the normal activity of an unstable enzyme further complicates the assessment of partial deficiencies in the very young. The adult normal range is more clearly defined, and parental and particularly maternal values are essential in the investigation of families with an incidence of cataract.
. These various and considerable complications in the assessment of partial deficiences of enzymes of galactose metabolism may perhaps be circumvented by the empirical determination of oral galactose tolerance within affected families, variation in which may explain the puzzling variability and expression of partial enzyme deficiencies. The degree of intolerance generally correlates with the risk of cataract, although the validity of this relationship for the individual case is not yet established (Winder, Fells, Jones et al., in preparation) . Leaving aside the special problems of galactosaemia, early diagnosis and dietary control of these galactose disorders may prevent cataract and even achieve regression in some cases. Dietary restriction may also control expression of the maternal influence during pregnancy in that unaffected offspring have then followed, although the association with dietary restriction remains circumstantial. Family screening may also lead to wider protection. These various investigations and their sequelae do seem to be of practical importance since heterozygous forms of these disorders collectively affect over I%of the general population, and lesser deficiencies may also be expressed.
Retinal vascular occlusions
Different forms of occlusion may arise, and various risk factors such as diabetes mellitus and hypertension may apply. Screening for impaired glucose tolerance, for macroglobulinaemia and for hyperlipidaemia is recommended, and studies of platelet function may also be of interest (Dodson et al. 1981) .
Lacrimal fluid
This fluid contains mucus, lipid, aqueous and other components which can vary independently in health and disease (Holly & Lemp 1977) . Quantitive studies are difficult because the composition of tear fluid samples is very much influenced by the necessary collection procedures involved. The Schirmer strip test is an inconsistent index of reduced secretion. Further evidence for this clinical diagnosis can be obtained by determination of tear fluid osmolality using samples collected in microcapillary tubes (Gilbard et al. 1978) . Values are also influenced by the exact site of collection and by the time of day.
The aqueous component is reduced at basal flow rates, and levels of tear calcium may then exceed those for extracellular fluid. This elevation is marked in families affected by cystic fibrosis and the decline on stimulation is then less marked than with normal subjects (Botelho et al. 1973) . Calcium salt deposition is a feature of contact lens spoilation, but excess calcium in tears has only rarely been implicated (Winder et al. 1977, Winder 198Ih) . Lacrimal disease as, for example, in practolol toxicity, leads to a diminution or absence of secretory IgA in tears and local immunity is then compromised. Other antibodies in tears derive from the vasculature and are generally increased in association with conjunctival inflammation. The various enzymes present in tears derive principally frem the lacrimal glands, as with lysozyme and amylase, or the epithelium of the cornea and conjunctiva, as with lactate dehydrogenase. These two origins are distinct (van Haeringen & Glasius 1976) . Collection of tears using Schirmer or similar adsorbent strips stimulates tear flow so that basal material is no longer obtained, and also leads to the detachment of epithelial cells which are the source of the lactate dehydrogenase activity recovered. Collection using single application of microcapillaries preferably to the outer canthus or upper tear meniscus yields material in which lactate dehydrogenase activity is low or very low, although analytical problems do arise since the volume collected rarely exceeds one microlitre. Lysozyme is present in all specimens (van Haeringen & Glasius 1976) . Lysozyme/LDH activity ratios may indicate the rate of epithelial cell turnover, and a test of corneal integrity based on this principle and in association with contact lens wear is under development (Winder 198Ih) . Sen & Sarin (1980) have proposed guidelines for the use of tear samples in the assessment of oral glucose tolerance. Tear samples collected with Schirmer strips have also been found applicable to the diagnosis of certain lysosomal storage disorders (Cotlier et al. 1976) . With the more stable enzymes, the dried strips may then even be posted to reference centres for assessment. This application presumably derives from the removal of epithelial cells during collection, the procedure functioning as a microconjunctival biopsy.
Quantitation in tear studies depends on collection under steady state conditions of stimulation, ideally at basal or possibly maximal rates of flow. Without such agreement, quantitative assessment is difficult.
Conclusion
Few of the above investigations are outside the scope or normal activity of most general laboratories. Many inborn errors of metabolism can present with opthalmological complications and experienced support is however necessary for the family studies, carrier detection and attempts at antenatal diagnosis which may then follow.
